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(54) SUPPRESSION OF ELECTROOSMOSIS BY FILM STABLE AGAINST HYDROLYSIS 
(57)Abstract: 

PURPOSE: To suppress electroosmosis flow in chromatography, especially, an electrophoretic 
system. 

CONSTITUTION: A method for coating the inner wall of a capillary tube, for example, used in 
chromatography, especially, electrophoretic separation with an org. polymer layer in order to 
lower the surface charge of the inner wall of the capillary tube is provided. At first, the silanol 
group of the surface of the inner wall of a capillary tube is converted to a silicon halide group 
which is, in turn, reacted with an organometal reagent having a terminal ethenyl component to 
be converted to Si-R (R continuously holds a terminal ethenyl group) and, finally, this surface is 
treated by bonding this ethenyl group to a neutral org. monomer in addition polymerization 
reaction in order to form a monomolecular non-crosslinked polymer layer on the surface. The 
obtained polymer layer is bonded to silica through an Si~C bond and stable under a wide range 
pH condition. 
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(a) «E*»snTV>*3/5y-;i«ft^ny>fl:3/y 

(b) KaBft5l5j|X7 l -;H«»*^trBKfl)aiR** 

(c) *Sffifc*«ti^-r*#'Jv-lft»dJ-a:Lai)* 

SiKS i -Rg&KJfcitL&Sili: ; £^A,TJ&37j 
fc 

glPg (c) OWMMW, 7^'J;P73 
H, MUsn&7iMJ^75F. ifctfR^JHrJl--. 7 
•J*-. 2WAny>-WUSttTW*x5 l l/>J:0rt 

gPSI (c) Oifi«WW«7jrU*73F-r*6*tt. 
[»**B4] M«JBlK:E«ffl3fiFatT»oT, 8912© 
«SttlM:^W«R-L iStfR-Mg-X (CCTX 
BAny>T»D. *l/CRttX?:ynr**) <fcD$ 

t»*Ji 5 ] M^lg 1 KE*<D**£T?ft? T. ME© 
*«^Mft^*]WR-Mg-X (CJ^RBXxX;!/? 

mist?**) ©aTatoanstcT****. 
[men el MMicEtt®#ttreft?T, wib© 

an (a) ©Any>ft->yn>a6©mE©Any>«» 

ft. 

[»*«7] ^f*«i{ci2«©*teT»t3T, atria© 

SPt (a) *i, ttEffl»«atlTV>*5'9y-;«ft* 

fc^'J n ^*^i***i/a6«&Bic||fiE©affiS*fl: 
M&H8] |»*BlKE«ffl*ttTr»t)-C, 1MB© 
[W#3i 9 ] rtfl©£9;«iM** l K12«<D7J£f'<k 

o*«#yv-T?««anT^*i/'j*d*iim©** 

\fyU-. 

*->y*^rtf»©*irb;9'j-«ft:, tra=*K?y- 

fc*lr»TBE^ >rt»)t©«fflM^ttfBtttl««A 
y-©rt«B#>J7^'J^73 H©lfc±D«B*ft, 
tf7'J-©S lflK : FftR#'J7^y^73 ^©CJITi: 



[0 0 0 1] 

im±omm#ffl mmtmmmiz^xm^ 
y *$ro©#*fc*f*. 

[0 0 0 2] 

■€-©ffifc*v»Ttt-tn s \tfflmfcow.frn*-$&&h 
vx®<. *mmmmm~ mt<nz»mm 

iftflc#IVKflc©EM. *f3SWKtl¥l/Tef, 
?W57^- ^n7h^77-f- 

irtr7'j-«ft*» (y;i.tt»w»*©3'-f^©H 
^ 3W , ^«^n&tft«£«affleft£&tra4©3i 

©«a»»*t*WT6n«. **«*C*V»T, -©H# 

©*§fc*t>Tg»«as»fe*fr. 
[0 0 0 3] cn6©«k©s/xyA. tt£@#*u££ 

ABBWSfiSBs&i, atBat-5«t«:XHy;^«K 

*t©rat?¥ffi-r5#ffiKi*fi[*»556fra«jai, 
x©«ft«a«a7n--ea5*. cfflmttcAotr* 

30 \Z&fZ/VV>7 7U- (bulk flow) 1 ?**. #&©&[;: 

[0 0 0 4] €M^37n-B*6,«$scne.©^tc 
*V>T41*-5ilt^»0, #t^-vfcf7y-K*^T-t 
©S*flWiAMI^lTMftim(<r>fc». •?-bTlt 

t #8tT^i* -y- > ?ftm t <om& ©&* nim 
t*. *Yt5y-B**fc**©*>7'^ffl»«fe, 

40 [0 0 0 5] 
5. 

[0 0 0 6] *&iJll©flBSnsJ!fc-5iftiIBZ:©J;3 
S. ^>/^?«tt3/y*©*WfcBS«f*H*©ttRft 

50 »«»*. *LT**llWMMBWI<U »«f©»*» 
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[0007] *>nzm.m\m$mm7u-\zKLT 

©tf^W^ffB-t?-*- (z e t a) ft&££tfffi# 

mzmzmt ft w.±oms»i-\>jm.v> 

tSfti±bJ65-eab55o Kfc. JltKbffl^&B&k:* 

vmmm* * t? 9 u -s©*tfcfft8 tiea-rs. 

[0 0 0 8] v'J*^ffiC<fcl3^>>'^Kffl©ifS;teJ6 

3. H&fC;in&©£j*BWT©2^©^&©5t>ffll 
^SS^TS. BPS, 

(1) ®1fflfc^®$pHRtH:*>ag£g«t-££<hi:: 
•fcO^^^Ki^'J^cmffl^-D^IS (Coulombi 
c repulsion) *ftZ>Z.t ; Rtf 

(2) mM&tLTmm-rzmmffizmttibiz 

y *j6ffiicft^^$-a:5 r t-ess. 

[0 0 0 9] HI ©#&©»*, g6#^'J*ffl^^f* 

-> 'J #Sttf ± lefiKX f U -x LT#i8 
tfU&<5E:£SiE«r3. McCormick, R.H., Anal, Che 
dl 60 ; 2322-2328 (1988)teJ:t)«ft^tlTV><5. -f* 
>ttakK»©lU A. 5 *l& £ ©US V>pH©$8r® ©*OT BLa 
uer, H.H. 6©, Anal, Chem. 58 : 166-170 (1986) R 
# Walbroehl, Y. ?>©J. Microcolumn Sep. 1 : 41-45 
(1989) KcfctJffl^SnTHS. cns©*tfc<fc!)& 

[0 0 10] »2 0#t6tt^!j:a-/l^*Hftltei' 
U*CJg^l/»&Iorgenson, J.W. SfflScience 222 

: 266-272 (1983)fd«tOSffl3nT^a. Hjerten, S. 
J. ©J.Chromatogr. 347 : 191-198 (1985) KB, *=f- 

(tfxjVtfn >J JV » KK©«ftBfflE©Mc C o r 
mi ckABiftSM, ^hX^)X.^V>tf^n-)V 
W&ommU Bruin, G.J.M. 5 ©J.Chromatogr. 471 : 
429-436 a989)fcJ:l3*ft*nTV»«. 

[ooii] cft6o#j*©-tn-enB-jecDfii/Sftir 
•r**», n*ic-tn6J4»c-ensfflW8tt©*H©in 
jecbt^Kaws-*. si^©pHRr;-i'^>3fis 

pH©*Hfc*^THSSn. *h#*>/timB*HII3 
tii*. ->'J*affi©iMft4l*1-*#ttBfiMm©ft 

£tt. »fc7^*u*fr©"bfc©affttt©raiBawr 
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«. ->D+1i-> (S i -o-s i -o 8£«4H,t© 
IS^ffli£<fiJfflan«S«B, «*.ttSJStt*fr©t>i 
■r©**5H»ft«B5«l*Iftrf*. 
[0012] *>/^g©gsij©fc©fcB> *>/i*s? 
©«*©fflH. Rtf*>rt*K#7±©mjfc*-3<i>H 
©**&»#. *l/T*ftiSS!*n6©»»l|f©ttR©fc 
». j£«BB©««iRr«H««>6a«f«!:i«qBrP 
&S. <&Sjg£®BffiVM>HT&t>£<#«ISn <*>/t 

*■©**&* ofiwt) . -n&<Dmsm\t9>M 

SMMftRB. *RtfffipOT©H#fcfe^Tftjrc* 
[0 0 13] 

[WBS«fifcf*fc»©^iU JEMSHraAfrRCWMlHI 
±©#««fe«HWXBBiJ»-r*«ra©*ii*ti:©*H58 

sttfc. ttmzmt, #uv-«KB5''j**Hfc 
t>ftt>»am c©WBB«*©«t>mj/n4rU->riE» 

SfPh-TtS 1 -Cte£fe^l/ril©*BiilS£l/"0> 

& *. **ttB, ~>5/-;i/Si'cfct) i fet^e.fi©e»nT 

wsWttfcW^l/a^XxryWi^SEItU, *©&© 

*y v-ji©»risRt««f*s^©&»K:asaw(fc± 

{c^viTfflv^m rix-juB-g-j BKTeaft-rs. 
Hfci] 



Wffl b»V>x^;i*£©*tf Wi^XTx;Wfc»t 

50 *rr**r«^iRtt«©wfflK:j:DjS*an*. 

[0 0 14] #'jT-s->y*aifK:HftT*i:©»ft 
B, JaIBH©pH (3KK^&3M8X2) KfefcDJfcjrc* 

y, a^fiwnesT?»D«B«. »sn**KB5"j 

A*&6ft*5^-f^©^>/^K's©*n6©3«li6 

[0 0 15] jE&«*ft9i©tttfc BttStfiMBBtT 
©BWa>&!fla£>WC*«3. 
40 [0 0 16] *5BWfc«5i, 3/y*^r«K©*lB± 

©S'^z-^ftsry'jx^-^taitctnsoE 

JS©ipffll©fc©fcADy>fl;j'ija>a£fc«jft*ne» 

a. criBs*#fcK»©*ffl©*steJ:t)as*n5 

[0 0 17] IttfcWffSU^SBttfc^a-xJk©*! 

c©E*B-ttk:B©6n&aflE. 

<B5 0'Cfil±©«aE , C»ttfc*VJT, ^ffitt^ffi^tc 

*v»Tir*>n*. tsaswffl-rsct******, ^©s 
50 m®mmKiLtsi<Tt>ft5z.ttf-e%z. 
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[0018] &izz<D/\wf>imffii&m, ss^xt- 
vtbz. mh^nm&mmjvti j u?7A, t^x 

ix, 6 ©HBKa*n*nR - l i stf r -m g 
-xt&s. n n & ©at* wt r uaif-» 
ft^tMMSSSX'T'fco. *UTXttAny>-c**. ft 
s L^Raia 5flxtt-e*i*»<D«*Bf«ffli<[«6-r 

*0. 7U;«y:h'-^S^Cff*b<> ^LTb'x 
J«*t*t>ff$l/K tfSteRfflsCfcSmsXfifPB- 

«tAny>t*r. it*. jwatfa u> 

aWSfeffSU*. ff£U>*«*Mtt*©HfcBlf=;i/ 
|J?*A, 7'JJVU^A, HxjUY^^A^nv 

[0 0 19] *«A«fc#*fcJ;SKJ&B-j«fc*J£tt 

aft»»Hft©t>tT?ff4jna«iRit*«. co*** 

MltifttH£llg. -KlcBx-^k HAtfra 1 * 

[0020] Gm&m&miz&zRmtR&nmmxT- 
=j«*ffj*Lft*»SADy>ft^u3>ai*s i -r 

*£«rtB&*Kt;:©*Bi*Ej63tf, -e-bT^n^fc 

U-K 7*>J;P73F, BftanJt7j"J*73 F, 

3fer;t7;i'*;p-. 7U^-Ri^Any>-asisn& 
x^i/>^tfsna. £©*-?*?£ u>©B7? up- 
-k 7?u;K73 Ha««isnt7i"j;i'73 ft 

&t>, 75"J^75 F^ftfeffSU*. 7?D^7SF 
©^-^Mtfffsn*. 

[0 0 2 1] #10Jji«BS«StKJlIfflJjtJS*frRWf 
»K«ft«ffl-r6#ffl©a«K«oTfrton*. £©£ 
«tt-«IC«#tt«©??«Enr*D, *'J7fU*73 
H©«^tt**ttlWHtT*5. ±fcMfcB, 73>Jg 
X. 0JABN, N, N' , N' -?h5^?;i/X?l/> 
~773> ( TTEMEDJ XB TTMEDAj ) , 0 - 
Vlf-frt 5 y 7*n tf^-x F U )VmS V U x* / -.n>7 
3>*t*lfsn*. C©ttBt©«tm^lMftW*»-HRfc 
JlUBh*. «^BJ63M©H6«R:I47U-9i?*MB 
»»J. MABaW+S'F. A-x;>7x-hXB7!/ 



F\ t^F^^WI-^vF, fJl'h-^th' 
n^-*+f F. x;i/F-7*3VWW<>7x-F, * 

(cumy 1) /W+S'F. 
->F\ <9*U4 2, 2' 
V 75f n x F 'J ;k 7 x x;P- 7 »/ - F U 7 x x;M * 
>mmc/'?-x;V7x- k u 7AA-x;i/7 
x- hs.r;7> ; EX7AA-x;>7x- vim\1 

*. Ska&»«ta«M»3W©#ir-Xic*W-*«R»4K 

35. !in&©E^BC**#B-«fcl3*#fc»S 

[0022] *K«tt-»©5/'j***aifK:»l , r# 
«. Mi:LTSI|£->'J#, %9ZJtXt9*-yitWT& 
n*. *SSBBSEC. 7.57\ 5fa.-7\ bf-yCfcSO 
l£«Hfctofca»«a6«fc*©l!l©^». 

xt- )uzm%r-%z, wa©ao*»wB*iri;7'j 
-fc»fflr*Jitft»fcaBiu t©*vtr5u-B 

*©ftfiK*«««fflSnT^6. H©*Vt°5'J-© 

a? **aa»iin:s©KMi#fcflari-a«Rfctt'3T« 
BiA/£©»&K:*v»TC. 
©=¥^tf5U"B*?)5 3^D>~i|(j2 50S?D>, ft 
£1,<B»2 0 3£O>HS)l 0 0 3^n>t«5H-rs 

BB2:A/£©««IC«V)Ttt5ci~e5 0 0cm, fftb 
<B$1 OcuMftl 0 OciiCjSffl-TST&S?. 

[0023] z rnmmm® bxn t>n? z»mx. 
mmmzfcmmiztjfcQg.kzz.t&'vzz. *wn 
ic«oT»3a*i/»fc*irtr9U-B-iRfc. 

^»©5HRK:*v»T*ffla«S»»n2Bfc*ffl-e**. 

[0 0 2 4] HT©jS««BSI«fe*riWP!I«b. 
#fgfl©!5ffl£Pg£T5 t>©TBft K 

[0 0 2 5] 

Ml 

ii^iCN, N, N' , N' -fh7^fJHfl/ 
40 >S?75> (TEMED) SC«iSBjc«ffl7i"J^7S 
KBSigma Chemical Co. (St. Louis, Missouri, U.S. 
A.)*6»XUfc. »Dffl8Hia«}lf«©J«AftBfilT 
©SDT*4 :K^S7> ; EX'?AX;l'7x-hBMall 
inkrodt Inc. (Paris, Kentucky, U.S.AJJ; BJUiA ; M 

Tl. 0M) BAldrich Chemical Co. (Milwaukee, Wis 
cons in, U.S.A.) J; 0 WA ; (9 9%) B 

EM Science (Cherry Hill, New Jersey, U.S.A.) iOBt 

50 > (THF) BJ.T. Barker, Inc. (Phillipsburg, New 
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Jersey, U.S.A.) £0fl?AU ^hT^V**?--, V- 

[0 0 2 6] M®®<DMM\Z&^TMmZmK 
X±X<DmmmtO. 2/imO^D>6 6^>^5> 
74 ;i^-(All tech Associates, Deerfield, Illinoi 
s, U.S.A.) T?jta*U»&. iJ->^fl««tt*SlO. 2m 

Sift. 

[0 0 2 7] B!£i/y**^fc^'J- (fil5 0i/m. 
S$(Cfe^T*51m) SSI* lM»NaOH-e*93 0# 

m-rrtf, *fc***T3o»inrrrn/f. £©**t? 

5U-ea*^-i?fc±l3 1 1 0*CTT-*tt»#L» 

jfc. 

[0 0 2 8] A. SMOffiigffc; 
2 niL©/t-f T^C^b^^^^S/hS&^A' >n- m 

ees) txn, *©«a*fti5»iirjijc*a*^r©ri 
mmikHLtbtz. Jio+vtf^U 

Mfc*U;fc. E©#A3nfc**fcf5 'J 

flsya-rykD+jfcTtf, *br§^©-s©SEn*^gfl 
a n, K-om&m fc«&n& c ©? * >a-- teat. 

^\ c©^ t tf 5 >j -wmt ! ?*-)V'&mLitt>. 

©*YKJ t >U-**fflfc9l#, *UT6 0 3'J r— 
tt*tl*$§fflg££g-T?#j2 0»|tOft-&. *©!■];:©*+ 

8sffij&ttiE©*+ tT5'J -©SS£&fc7 r n/?> b-?~v 
->-;n^ •eurc:©^K+i'fcr7U-a7 0'c©?s«i 

[0029] b. ^u-^-;^ntro^a 

a^-^ofctTro, -£l-T:fARSS (s e p t u 

m) <Dffit>?tcl 0mL®;H7;Hc5mL©ffi)STHF<£ 
Attfc. 3*£iI©/H7;H , ©THFK8#W»K#& 
^\ t=)K^y^Aynvf F (in) ftjfcfc p 

7^^>J>^CJ:-3T£:©THFicJnA. *ut;:©?§ 

[0 0 3 0] *MOAfr6<D. 
K5U-t«*THFfcSl,a:«t6-t©-«ifti;>-fe v 

^nf^A^T-f P/THF*MfcAftft. H 
©**tf?U-©«»fcifcfc!JrD. *lxTifitC*a7 
-1>\Z%MLtz. M-m^y^h^U^^^/m 

FSKaicADEio^h'^u-cficgiea^. r 
©^s**e?y-*te*»iiiMu *©«n©*« 
*©+-^ tf ? u -©sgan-r 7;hbs©jS< t^d a> 
1 — D &££©** £7 "J -§ 

5 O-CtMb&jSlfi^L. ^-LTKS (6 0 3 UP 



;i/Xtt*n*st) fc3o»m«-3fc. *vK5U-©« 

anfc*ir t;7'j -S7 otcjsflifci 2r*iwiwu 
fc. 

[0 0 3 1] C. #iJ7^U^75H«H©»* 
*WfflB*6©«H*tfc"5'J-ffl<lft J ifD. *LTJ1 
tlfci-aTtPttta-ot+vKyU-ftTHFTrS^lir] 
fT^fc*. *CC©THFftB6SU *LTE©+*1* 

[0 0 3 2] 1 0%©7f U^73H0. 3mL, *0. 
7mL. TEMED UL&y 1 0 %7>^M-X 
)V7zL-bl0tiLm&LX7i?VJV7$mm*M 
«U *LTE©fi£»ftMi4L&. Z<D*vE?i)- 
'**K£©*«Tttfcl,&. 3 0»IB«, ji§JS©7? 

'J;l<73 H£c:©*+if7'J-*&*£ffl^TfrifHl 

U ^ffl^i-tr5U-©rtM±C7^'J;P75H©ft^ 

[0 0 3 3] D. M3©HStt 
20 5*©*Vt:5'J-ftWE©j&ttte*^T#'J7iry^ 

73 KiciDSSLfc. *t*n-enftttT©ft#©t> 

r-7)I^3> (a - 1 ac t a 1 bumi 
n) KJ:DI»U&: 

[0 0 3 4] 0. 0 hUX 

3MP73> (pH9. 5) ; 

*tt'?'J-: 50tfm i.d. (Aft) X 6 0 cm (ttffl 
8£4 5cb) ; 

-f * -> 3 > : ; #2 2 0 cmfc<fc 0 5 # 

Hfl; 

50 ilti: 2 0kV, 15(jA, £©ffite (ttStt'f^y 

[0035] ftKKfc?vJT«ssnfca»aitttac© 
a, 

tti] 

(i^-^n) z 

N= 

2 ifc* - y h 

flll**»^IWRC«"6l»©PE«rfc^V»T**, ffijSr 
(C 3 ofc. 

[0 0 3 6] «2R«3tt«l©* 1 tfctS£oT'BjBLfc 

t©^ne.ffl*+tf5U-©jtK£ST<, M2R<yt3K 

[0 0 3 7] Spellman High Voltage Electronic Corpo 
ration (Plainview, New Jersey, U.S.A.)*S8*A©iiS 

mamtimm (o~3 0kv) efflt»&. ^att. sfi 

50 «Kflf»ftUV-|ft}tflE»rU» (UVIDEC-100-V, Jasco, 



(6) 



#H¥5- 1 8 0 8 0 1 



10 



Tokyo, Japan) SfflU, 2 1 4nm-?«£bfc. ffl^fc* 
vtf^U-ttftgSOiim, -eLT^Sl 8 7/tmfflBl 
fS^'J^^t^U — (Polymicro Technologies, Phoen 
ix Arizona, U.S.A.)T&-3&. 3fc§E(optical window) 
«*U7*'J;Kr3 HWlO/hS&iWftHiS-rSiii 

B&MKfc^TSn. 2nLt?St), cnB*92 4 0pg© 

«7rJ-fcJ;0*AU -eLTtf^TVHMIiRose, D. 
J. £>©J. Chromatogr. 438 : 23-24 (1988) fCtE^fflffiO 

[0 0 3 8] nanwautt wj-to. im 

ONaOHKOMNIKtJ:D»ktt2m #liifcfflffi 



ttv-*-tLT©7-th> (2%<Dm®) ommz. 
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